We revisit the problem of a mechanism that generates the mass spectrum of elementary particles. This has vexed physicists for several decades now. In this connection we deduce a formula that gives the masses of all known elementary particles, even though other quantum numbers are suppressed.
Introduction
Various attempts have been made by several authors for a simple or fundamental mechanism to obtain the mass spectrum of elementary particles over the years [1] . In the 1990's the author had tried different approaches [2, 3, 4] . These efforts however lead to very limited results. Even more recently [5, 6] , attempts have been made using QCD,(Quantum Chromo Dynamics) with equally limited success. To this day the problem of the particle mass spectrum is a central one.
A Mass spectrum
We note that all of non-leptonic matter is made up of quarks [7] They interact via the interquark or QCD force. In this picture, pions are bound-states of a quark and an anti an anti-quark. The QCD potential is given by
where in units = c = 1, α ∼ 1. The first term in (1) represents the Coulombic part while the second term represents the confining part of the potential. As is well known the potential in (1) explains two well known features viz., quark confinement and asymptotic freedom. Let us consider the pion made up of two quarks along with a third quark, one at the centre and two at the ends of an interval of the order of the Compton wavelength, r. Then the central particle experiences the force
where x is the small displacement from the mean position. Equation (2) gives rise to the Harmonic oscillator potential, and the whole configuration resembles the tri-atomic molecule. Before proceeding we can make a quick check on (2) . We use the fact that the frequency is given by
whence the mass of the pion m π is given by
Remembering that r = 1/m π , use of (3) gives α = 1, which of course is correct.
To proceed, the energy levels of the Harmonic oscillator are now given by,
If there are N such oscillators, then over the various modes the energy of the particle is given by
m and n being positive integers. The mass of the particle P is now given by [8, 9, 10] 
It is remarkable that the above simple formula reproduces for the different integral values of l and n reproduces the masses of all the known Bosons with an error of less than 1% in most of the cases and exceptionally less than about 2%. The details are reproduced in the table below. The above theory suggests that these particles are composed of (or can decompose into) pions. An immediate example is the K 0 Meson which can break into two or even three pions. More generally in a collision of the above particle, at high energies we can expect the following
where A, B, C, are particles from the above table, D are pions if any and ∆ is the energy (or conversely).
Remarks
1. Interestingly six decades ago Nambu had given the empirical formula n or (n + ) × (the mass of the pion) for about half a dozen particles, remembering that at that time such a small number of particles were known [11] . However this formula was nothing more than a curiosity because it was completely ad hoc and devoid of any dynamics.
2. Just as the nucleus can be split into sub-constituents we could conceive of an elementary particle being split into its constituent quarks with the release of energy. This however is forbidden by the quark confining force in the QCD potential. The above considerations on the other hand suggest that the particles could be split or fused into other particles and pions with the release of energy.
3. We quickly observe that the above mass spectrum formula (4) works remarkably well for all known non-leptonic Fermions too [10] . This appears surprising because it must be borne in mind that this derivation is insensitive to quantum numbers such as spin and so on.
On the other hand, pions being Hadrons, it is expected that they contribute to the masses of the other Hadrons. In any case it is expected that reactions (5) hold good for Fermions as well, provided that there is a balance of other quantum numbers.
In other words (4) holds good for all known elementary particles. Further (5) maybe important in the context of very high energy collisions taking place at 7 TeV expected at LHC in 2013.
